An electric vehicle conversion project often faces the problem of a sudden and non-smooth acceleration.
Introduction
Due to growing concern of energy crisis and global warning, electric vehicle, especially battery electric vehicle (BEV) market has grown rapidly in recent years. [1] One advantage that BEV has over internal combustion engine vehicle (ICEV) is that weight reduction due to simplified power train. [2] However, over simplification of the power train also remove some desirable functionalities, such as smooth acceleration through clutch and gearbox, of conventional power train. In an ICEV, a clutch between the engine and transmission is necessary because the engine usually starts working at a non-zero rpm.
When the clutch on an ICEV engages, the transmission system is accelerated to engine speed from zero rpm. During this process, the torque transmitted to the wheels build up gradually. The presence of gearbox also make throttle control of ICEV easier as the acceleration is divided into several segments, which ensure the drivability. All these functionalities of traditional transmission system need to be compensated by the throttle control and motor control system of BEV. For BEV, these are crucial because a BLDC responds fast to input signal change. [3] A project is ongoing to modify the throttle control system of a BEV to achieve better driving experience and more functionality. The BEV, Electric Caterham (E-Cat), is an electric conversion project ongoing in National University of Singapore (NUS). E-Cat, which is converted from a Classic Caterham 7, is powered by two 5 kW BLDC motor. Currently, a position sensor is built into the throttle, whose voltage varies as the throttle position changes. The voltage signal is transmitted to both motor controllers through an Arduino Mage 2560 microcontroller. Previously, the microcontroller passes the exact signal from the position sensor the motor controllers. By adding feedback algorithm, which adjusts the throttle signal, to the microcontroller, the desired functionalities may be achieved.
Feedback control system
Two different sensors has been used to build the feedback control system. Proposed control system consist of a sensor, which helps to get the speed of the vehicle, Arduino microcontroller, and motor controller. The signals from the sensor allows the microcontroller to calculate the velocity and acceleration of the vehicle. According to the velocity and acceleration calculated, the microcontroller modifies the throttle signal that is transferred to the motor controller. In this way, the throttle signal may be regulated and a smooth acceleration is achieved.
Sensors
The first senor used is a Hall Effect sensor. The sensor is mounted close to wheel hub, where part of the axle is none circular. When the concave part is below the sensor, the sensor will return a HIGH signal to the Arduino board, and vice versa. As shown in the graph, in one full rotation, the signal will change from HIGH to LOW for 3 times. Suppose t1, t2, and t3 are time when the sensor value rises in one revolution sequentially. The average speed between t1 and t2 can be calculated as following (1) The average acceleration between t1 and t3 is (2) With a wheel radius of 0.3 m and a peak speed of 100 km/h, the time between each signal rise is
Thus, the microcontroller need to be able to perform all process within 22.6 ms.
The second sensor used a small generator, whose shaft is synchronised with the motor shaft and rotate at the same rpm as the motor. As the generator rotates, a voltage proportional to the rotational velocity of the shaft is generated. By measuring the voltage generated with the microcontroller, it is possible to derive the velocity of the vehicle.
Arduino microcontroller
The on-board microcontroller is an Arduino Mega 2560, which has a processing speed of 16 MHz.
The microcontroller is chosen because of it is
World Electric Vehicle Journal Vol. The attachInterrupt function monitors the signal state of the Hall Effect sensor while the main programme runs. When a specific state change takes place, the main programme is paused and a designated function run for once before the main programme resumes. This designated function usually changes some variables which trigger other functions in the main programme.
Throttle control algorithm
With the hardware in place, we need a control algorithm that would responds quickly to change in motion of the vehicle, as well as be of high reliability that there will be no malfunction.
Hall Effect sensor
As stated above, the signal change in the Hall Effect sensor is at the level of tens of milliseconds. To be able to control the acceleration of the vehicle precisely, it is necessary to measure the speed and acceleration of the vehicle as precise as possible. Because the number of signal change we receive each revolution is relatively low. If we count the number of signal change recorded in a given time frame, the reading is in discreet form as presented in the Another way to measure the rotation speed of the wheel is to measure the time for the wheel to travel a certain distance. In this case, we record the time when the signal of the sensor change from HIGH to LOW. This can be done using the attachInterrupt function provided in Arduino microcontroller. There are three variables, t1, t2, and t3, for time recording in the programme. When the microcontroller detects a signal change from HIGH to LOW, the value of the t1 and t2 is assigned to t2 and t3 respectively. Then the current time is written to t1. In this way, the programme always keep record of the time of last three signal changes. And the average velocity between the last two signal changes can be calculated.
(4)
Using the first and third variable, the acceleration during the last three signal change can be derived. The main programme will always go through the process of throttle signal input, adjusting and output.
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derived from the voltage of generated by the sensor using the following equation.
By recording the time when the velocity is measured, the programme can derive the average acceleration for a certain period. Because the microcontroller processes at high speed, the duration between each velocity measurement can be as short as tens of milliseconds. Thus, the acceleration calculated can be assumed to be the acceleration at the instance.
Throttle control algorithm
The parameters for the adjustment includes previous throttle output signal and vehicle acceleration. For throttle control, three different variable related to the control logic are utilised.
Sensor value (T1)
The value measured from throttle position sensor. This value may be modified before used as output value, depending on other parameters in the modification logic.
Previous output value (T2)
Previous throttle output value. Assigned at the end of the programme.
Steady state value (T3)
When the acceleration is less than the threshold at, the previous output value is assigned to this variable. When the measured acceleration am is greater than the threshold value at, the throttle output value is modified using the following equation.
By changing the value of at and k, the effect of throttle modification can be changed.
Initial test shows that the algorithm is functional in terms of limiting the throttle signal. However, the algorithm does not perform as expected in certain occasions. When the vehicle is accelerating and the throttle position sensor gives a rapidly high throttle signal constantly, T1 may be reduced such that the acceleration drops below the threshold at. The steady state value T2 may be updated to a new value that is much higher than the previous one and increase the acceleration rapidly as well.
To prevent this from happening, a secondary control algorithm is added to the program to ensure that the throttle does not go out of control.
Tave is the average value of the latest five throttle output to the motor controller. j is the parameter to adjust the effectiveness of the algorithm. In this way, the growth rate of throttle signal to motor controller is limited regardless of the current acceleration reading.
Experiment

Hall Effect sensor
Several experiment have been carried out using the Hall Effect sensor. However, strong vibration of the sensor, which results in false measurement, occurs from time to time. 
Regenerative rpm sensor
Fast and reliable speed measurement is achieved with the regenerative rpm sensor. A few tests are carried to examine the effectiveness of our algorithm. In all these tests, the input throttle signal to the controller is set to maximum value till the vehicle travel a distance of 70 meters. Certain parameters of the two control algorithm are altered to test the effectiveness in different tests.
In the first set of tests, the effectiveness of the feedback algorithm is examined. During the tests, the value of k is changed in different runs, while the value of j is kept constant. The test results is show in the graph below. As shown in the figure, a large value for k does not garrenty a slower acceleration. The difference in velocity profile may result from variation in road condition and vibration in the drive train.
The power consumption is also recorded during this set of tests using Cycle Analyst data logger. Following is the power vs. time graph. From the graph, we can tell that the power output of the vehicle is lower when the vehicle is going at lower speed and acceleration. Thus, by limiting the acceleration, it is possible to lower the total power consumption during a ride which frequent acceleration and deceleration is present.
In the second set of tests, the value of j is changed to test the effectiveness, while k is constant. Following graph is the velocity vs. time profile of the tests. And the table lists the time spent to travel 70 meters with different j value. As the result shows, when the value of j is 0.1 or 0.05, we can observe a significant increase in travel time, which means the acceleration is reduced. For the velocity vs. time profile, it is clear that when the value of j is smaller, the acceleration is slower and the peak speed is lower at the end of the given distance.
Conclusion
Test results show that a regenerative rpm sensor is more suitable for feedback control in electric vehicle than a Hall Effect sensor because of its fast and reliable measurement. The experiment also shows that the secondary control algorithm is more effective than the feedback algorithm in terms of giving a smoother start for the vehicle. Though the secondary control algorithm is more effective when the vehicle performs a cold start, it is necessary to have the feedback algorithm because the throttle output increases continuously under the secondary algorithm if the input throttle is increasing despite the acceleration value. Other than this, there is still slight fluctuation in acceleration. This is believed to result from instability of the motor controller when the vehicle is going at low speed. Further improvement and tests will be carried out to optimise the algorithm and improve the acceleration control of the vehicle and further relate it to energy efficiency.
